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PREFACE. 



When it is attempted, as in works of the following 
description, to sketch the actual state of a particular 
science, and at the same time to point out a few of the 
conclusions that may be hazarded from known facts, an 
author has always great difficulty in avoiding unnecessary 
and tedious detail on the one hand ; while, on the other, 
he must notice such facts as may convince a student that 
he is not wandering in a wilderness of crude hypotheses 
or unsupported assumptions. 

The present edition contains so many additions to the 
greater part of the Work, that it woiild be tedious, and, 
indeed, somewhat difficult to enumerate them. The 
chief alteration consists in removing the various lists of 
organic remains to the end of the volume, where they 
can be more readily consiilted. The Work has also, at 
the suggestion of friends, been printed in a larger form, 
and in a larger type, the small type of the former editions 
having only been retained for the lists of organic remains. 
Under the heads of Inferior Stratified, and Unstratified 
Rocks, calculations have been introduced respecting the 
substances of which such rocks are chemically composed; 
and it is hoped that these calculations may be found 
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useful, as also some observations respecting geological 
maps and sections, and the geolc^cal examination of a 
country. 

The Author has a\'ailed himself largely of the additions 
made by M. von Dechen, with the assistance of the ce- 
lebrated Von Buch and other German geologists, to 
the German translation of this Work, more particularly 
as respects the geology of Germany and the lists of or- 
ganic remains. He has not been able to avail himself 
of any additions to the French translation of the Manual, 
made under the superintendence of M. Brochant de Vil- 
liers, as it will not appear much before the present edition ; 
but the Author is informed that it will contain a further 
development, by M. Elie de Beaumont, of his theory of 
the elevation of mountain chains, as also additions to 
the lists of organic remains. He has not seen a copy 
of the American edition of this Work, and is therefore 
not aware that any additions have been made to it. 

There can be little doubt that, from a strong desire to 
find similar organic remains in supposed equivalent de- 
posits, even at great distances, and from an equally strong 
desire to discover new species, the same organic remains, 
particularly shells, often figure in our catalogues under 
two names, while different species are made to appear 
as one. Notwithstanding these difficulties, it will, how- 
ever, be evident, from a glance of these catalogues, that 
a great mass of information has been gradually collected 
on this sul^ect alone, from which the most important 
results must follow, even though the various lists may 
require very considerable correction. 

While availing himself of these and similar catalogues, 
the student shoidd be careful to recollect, that however 
great and valuable the aid of Zool(gy and Botany may 
be in geological investigations. Physics and Chemistry 
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are of still greater importance ; inasmuch as the former 
can only be employed with advantage in explanation of 
a portion of the phsenomena observed, while the latter 
are availaUe to a very great extent in explanation of the 
whole. 

The Author has been particularly anxious to point out 
his various sources of information, even when he himself 
has visited the same countries ; that, independoitly of 
the fundamental princifde sutm adque, the student 
should be enabled more hilly to avail himself of the 
labours of the various authors cited, by referring to their 
published works for greater detail than could be admitted 
into a volume of this description. 

In a rapidly advancing- science like Geology, to which 
new facts are constantly added, and in winch the chances 
oi new views by their cmnbination are consequently mul- 
tiplied, it is almost impossible to avoid hazarding catain 
general conclusions, when the various known facts pass in 
review before us. In those which the Author has ventured 
to bring forward, he has endeavoured always to follow that 
system of induction which can alone lead to exact know- 
ledge ; but as truth, and truth alone, is the object of all sci- 
ence, he can sincerely declare, — that if from the discovery 
of new frets, or from more sound views respecting those 
already known, his conclusions should not appear tenable, 
he woidd not only be most ready to abandon them, but to 
rejoice that an imtenable hypothesis may have been the 
means of leading to more exact knowledge, if it should 
have fortunately so happened that it promoted the requi- 
site inquiry. Essentially it is of little importance whose 
or what theory may in the end be foimd most accurate ; so 
long as we approximate towards the truth, we acconqdish 
aU that can be expected; and it is clear, that the greater 
the amoimt of known facts, the greater the chance of accu- 
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racy, not only from the largermassof information presented 
to the mind, but also from the frequent checks offered to 
hasty conclusions. 

Happily facts have become so multiplied, that Geology 
is daily emer^ng from that state when an hypothesis, pro- 
vided it were brilliant or ingenious, was sure of advocates 
and temporary success, even when it sinned against the 
laws of physics and facts themselves. It is not difficult 
to foresee, that this science, essentially one of observation, 
instead of being, as formerly, loaded with ingenious specu- 
lations, will be divided into different branches, each in- 
vestigated by those whose particular acquirements may 
render them most competent to do so ; the various com- 
binations of inorganic matter being examined by the 
Natural Philosopher, while the Natural Historian will 
find ample occupation in the remains of the various ani- 
mals and vegetables which have lived at different periods 
on the surface of the earth. 
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Section I. 

Figure of the Earth. 

It has been concluded, both from astronomical and geo- 
desical observations, that the figure of the earth is a spheroid. 
This spheroid has been considered as one of rotation, or such 
a fi^re as a fluid body would assume if possessed of rotatory 
motion in space* 

The amount of the flattening of the poles, or the difierence 
of the diameter of the earth from pole to pole, and its diameter 
at the equator, has been variously estimated ; but it is com- 
monly received that the polar axis is to the equatorial diameter 
as 304 to 305, the compression of the earth, or flattening at 
the poles, being thus considered as = 

The equatorial diameter about = 7924 miles.* 

The polar axis = 7898 

Difference ..... 26 

Deimty qf the Barth. 

Various opinions have been entertained on this subject; 
but it appears certain that the internal density is greater than 

* Considering the flattening of the poles as M. Daubakson has 

made the following calculations:— 

Radius at the equator .... 6376851 metres. 

Semi-terrestrial axis .... 6355943 

Diff. or flattening of poles . . . 20908 

Radius in lat 45^ 6366407 

A degree at same lat .... 111115 

A degree of long, in same lat » 78828 

Surface of our earth 5098857 square myriametres. 

The volume 1082634000 cubic myriametres. 

Trait6 dc G5ognosie, ed. 2me, tom. i. 

B 
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Supetjicial Distribution of Land and Water. 

the solid superficial density. Daubuisson infers firom the ob- 
servations of Moskelyne, rlayfair, and Cavendish, that ^ the 
mean density of the earth is about five times greater than that 
of water, and consequently, about double that of the mineral 
crust of our globe*.” iJaplace considered the mean density 
of our ^heroic! as s 1*55, the solid surface being 1. Accord- 
ing to Baily, the density of the earth is 3*9326 times greater 
than that of the sun, and is to that of water as 1 1 to 2 f. 

Super^ial Distribution of Land and Water. 

The relative proportion of dry land to the ocean, as it at 
present exists, is such, that nearly three-fourths of the whole 
surface of the globe may be assigned to the latter. Of the 
former, the configuration is very various, presenting the 
greatest surface in the Northern hemisphere. Althou^ the 
land sometimes rises high above the level of the sea, according 
to our general ideas on such subjects, it is, in reality, but 
slightly removed above that level, when considered, as it 
should be, with reference to the radius of the earth The 
superficies of the Pacific Ocean alone is estimated as some- 
what greater than that of the whole dry land with which we 
are acquainted. Dry land can only be considered as so much 
of the rough surface of our globe as may happen, for the time, 
to be above the level of the waters, beneath which it may again 
disappear, as it has done at different previous periods. La- 

E lace calculated that the mean depth of the ocean was a small 
action of twenty-five miles, the difference produced in the 
diameters of the earth by the flattening of the poles. It has been 
variously estimated at between two and three miles. The mean 
height of the dry land above the ocean-level does not exceed two 
miles, but probably falls far short of it ; therefore, assuming two 
miles for the mean depth of the ocean, the waters occupying 
three-fourths of the earth’s surface, the present dry land might 
be distributed over the bottom of the ocean, in such a manner 
that the surface of the globe would present a mass of waters ; 
—an important possibility, for, with it at command, every va- 
riety of the superficial distribution of land and water may be 
imagined, and consequently every variety of organic life, each 
suited to the various situations and climates under which it 
would be placed. 

The surface of the globe’s solid crust is so uneven, that the 
ocean, preserving a general level, enters among the dry land 

* Traits de G6ognosie, ed. 2me, tom. i. p. 18. 
f Baily, Astronomical Tables. 

J See the diagram in my Sections and Views illustrative of Geological 
Pluenomenn, pi. 40. 
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Soilness and Specific Gravity of the Sea. 

in various directions) forming what are commonly termed in- 
land seas ; such as the Baltic, Red, and Mediterranean Seas, 
in which geological changes may be effected different from 
those in the open ocean. 

Masses of salt water are sometimes included in the dry land, 
which have been termed Caspians, from the Caspian Sea, the 
largest of them. These have no communication wutlrthe main 
ocean ; indeed the level of ihe Caspian is much lower than 
that of the Black or Mediterranean Seas, the former body of 
salt water occupying, with lake Aral and other minor lakes, 
the lower part of an extensive depression in Western Asia, 
(from 200 to 300 feet under the general ocean-level,) which 
receives the waters of the Volga and other rivers. These 
bodies of salt water have been variously accounted for ; some 
supposing that they have been left isolated by a change in the 
relative level of land and water, while others imagine their 
saltness to arise from their occurrence in countries impreg- 
nated with saline matter. It is stated, in support of the latter 
opinion, that the Caspian, and the lakes Aral, Baikal, &c. are 
situated where salt springs abound. Whatever may be their 
origin, it will be obvious, that if the fresh water they receive 
be not equal to their evaporation, they will become gradually 
more saline, until, the water being saturated, the surplus salt 
will be deposited at the bottom, and strata of it will be formed 
of a size and depth proportioned to those of the lake or sea. 

It would be out of place to attempt a general description of 
all the various combinations of land and water, with which all 
must be more or less familiar ; but it may be useful to notice 
that fresh-water lakes cover very considerable spaces, and 
that thus very extensive deposits may now take place, which 
can only envelope the remains of terrestrial or fresh-water 
animals and vegetables. 

Saltness and Specific Gravity of the Sea. 

The whole body of the ocean is composed of salt water, 
which does not vary very materially in composition, as far as 
we can judge from the experiments made on it. 

From evaporation and the fall of rain, the sea will be less 
salt at the surface than at some little depth beneath it. 

According to Dr. Murray, sea-water collected from the 
Firth of Forth contained, in 10,000 parts. 



Common salt . . . 


. 220 01 


Sulphate of soda . . 


. 33*10 


Muriate of magnesia . 


. 42-08 


Muriate of lime . . 


. 7*84 




.‘303 09 


n 2 
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Saltness and Specific Gravity of the Sea. 

Dr. Marcet states that 500 grains of sea- water, taken from 
the middle of the North Atlantic, contained, 

Muriate of soda . . . 13*3 
Sulphate of aoda . . . 2*33 
Muriate of lime . . . 0*995 
Muriate of magnesia . . 4*955 

21*580 

According to the experiments of Dr. Fyfe (Edin. Phil. 
Journal, voLi.), the waters of the ocean between 61® 52" N. 
and 78® 35' N. do not differ much in their saline contents, 
these being between 3*27 and 3*91 per cent. — The waters 
were obtained by Scoresby. 

M. Eichwald informs us, that the waters of the Caspian Sea 
contain much sulphate of magnesia, in addition to the various 
other salts held in solution by them. 

Dr. Marcet instituted a series of experiments on the spe- 
cific gravity of water, of which the following are the results : 



Sp. Gr. Sp. Gr. 

Arctic Ocean .... 1*02664 Sea of Marmora . . 1*01915 

Northern Hemisphere . 1*02829 Black Sea .... 101418 

Equator 1*02777 White Sea . . . .1*01901 

Southern Hemisphere . 1*02882 Baltic 1*01523 

Yellow Sea. .... 1*02291 Ice-Sea Water . . 1*00057 

Mediterranean. . . . 1*0293 Lake Ourmia . . . 1*16507 



The same author concluded from his observations, 

1. That the Southern Ocean contains more salt than the 
Northern Ocean in tlie ratio of 1*02919 to 1*02757- 

2. That the mean specific gravity of sea-water near the 
equator is 1*02777, intermediate tetween that of the Northern 
and Southern hemispheres. 

3. That there is no notable difference in sea-water under 
different meridians. 

4. That there is no satisfactory evidence that the sea at 
great depths is more salt than at the surface *. 

<< 5. That the sea, in general, contains more salt where it is 
deepest and most remote from land ; and that its saltness is 
always diminished in the vicinity of large masses of ice. 

• The author of the abetract of Dr. Marcet’s obgervationfl in the Edin. 
Phil. Journal, dtea the followmg observations of Mr. Scoresby in support of 
this conclusion. 

8p. Gr. 

rSuiface .... 1*0261 
Lat 76® 16'N.^ At 738 feet . . 1*0270 
LAt 1380 feet . . 1*0269 
rSurface .... 1*0265 
f At 120 feet . . 1*0204 
Lat. 76®.34'N.^ At 240 feet . . 1*0266 
I At 360 feet . .1*0268 
LAt 600 feet . . 1*0267 
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SaltNess and Specijic Gravity the Sea. 

6. That small inland seas, though communicating with 
the ocean, are much less salt than the ocean. 

** 7. The Mediterranean contains rather larger proportions 
of salt than the ocean 

M. Lenz, who accompanied Kotzebue’s expedition, inferred 
from numerous experiments that, 

1. The Atlantic Ocean is salter than the South Sea ; and 
the Indian Ocean, being the transition from the one to the 
other, is salter towards the Atlantic, on the west, than towards 
the South Sea, on the east. 

2. In each of these three great oceans there exists a maxi- 
mum of saltness towards the north, and another towards the 
south ; the first being further from the equator than the se- 
cond. The minimum between these two points is a few de- 
grees south of the equator in the Atlantic, and probably also 
in the Pacific, tliough M. Lenz*s observations did not extend 
sufficiently low in the Pacific. 

S. In the Adantic the western portion is more salt than the 
eastern. In the Pacific the saltness does not appear to alter 
with the longitude. 

4. In proceeding north from the northern maximum, the 
specific gravity of the water diminishes constanUy as the lati- 
tude increases. 

The same author considers that, from the equator to 45** N., 
the water of the sea, to the depth of 1000 fathoms, possesses 
the same degree of saltness f. 

The saltness of the sea, particularlpr that of its surface, would 
seem greatly to depend on the proximiw of nearly permanent 
ice, and of large or numerous rivers. Thus, as is seen above, 
the Baltic, \^ite. Black, and Yellow Seas are less salt than 
the main ocean, because they are supplied with comparatively 
large quantities of fresh water. From the small proportion of 
salt contained in the Black Sea and Sea of Azof, the bays of 
the former frequently contain ice, and the latter is stated to be 
fi-ozen over during four months in the year. 

The superior saltness of the Mediterranean, though an in- 
land sea, is attributed to the evaporation of its surface, which 
is suppo^ greater than the quantity of fresh water with which 
it is supplied^. In consequence, two great currents, one from 
the Black Sea and the otner from the Atlantic,, flow into it to 
supply the waste caused by evaporation. 

The saline contents of the sea are important, as all chemical 
changes or deposits, taking place in it, will be more or less af- 
fected by them. The gravity and pressure of the sea are of 

• Phil. Trans. 1819 ; and Edin. Phil. Journal, vol. ii.. 

t Edin. Joum. of Science, April 1832. 
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6 Temperature of the Earth, 

still greater consequence ; for, as the pressure increases with 
the depth, effects, which would be possible at one depdi, would 
be impossible at another. Thus, it is obvious from the inge- 
nious experiments of Sir James Hall, that carbonate of lime 
may be hised by heat without the loss of its carbonic acid, if 
subjected to ^ent pressure, such as exists at the bottom of the 
deep sea. The pressure of the sea must also have consider- 
able influence on the kind of animal and vegetable life found 
at difierent depths ; and we may infer that beneath very deep 
seas such life does not exist, great pressure and the absence of 
the necessary light being as destructive to it as the cold and 
the rarity of the air are in the higher regions of the atmo- 
sphere. 

The compressibility of water, which was for a long time 
doubted, has been proved by experiment. According to the 
observations of M. CErsted, corrected for the pressure of part 
of the apparatus employed, this compressibility amounts to 
46*65 millionths of its volume for a pressure equal to each at- 
mosphere. The experiments of MM. Colladon and Sturm, 
corrected in the same manner, make the compressibility of 
water, not deprived of air, equal to 47*85 millionths for each 
atmosphere ; while that of water, deprived of air, is equal to 
49*65 millionths under the same pressure M. Poisson es-^ 
timates that it would require a pressure equal to 1100 atmo- 
spheres to reduce water six hundredths of its volume f. 
Water containing salts in solution is found to be somewhat 
less compressible. It follows, that at ^reat depths, and be- 
neath a great pressure of the ocean, a given quantity of water 
will occupy a less space than on the surface, and will, conse- 
quently, by this circumstance alone, have its specific gravity 
increased. 



Temperature of the Earth, 

The superficial temperature of our planet is certainly very 
materially influenced by, if it may not be entirely due to, solar 
beat. That the difference of seasons, and of the climates of 
various latitudes, originates in the greater or less exposure to 
the sun, is obvious. That local circumstances cause great va- 
riations of superficial temperature, is also well known ; yet the 
principle seems to prevail, that under equal circumstances, the 
temperature decreases f rom the tropics to the poles. 

It would be useless to increase the size of this volume with 
a detail of the various temperatures that have been observed 

• Pouillct, Kidmens de Pliys. Exjperimentales, 2me ed. t. ii. p. 65. 
t Poisson, Nouvelle Thdorie dc r Action Capillaire, p. 277. 
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Temperature qfthe Earth. 7 

in different situations, or of the modifications arising from local 
causes ; this will be found in various works devoted to the 
subject,— more particularly in Humboldt’s Treatise on Iso- 
thermaJ Lines. 

Respecting the temperature of our globe, M. Arago has 
made the following remarks 1st, In no part of the earth 
on land, and in no season, will a thermometer raised from two 
to three metres above the ground, and protected from all re- 
verberation, attain the 46th centigrade degree: 2ndly, In the 
open sea, the temperature of the air, whatever be the place 
and season, never attains the 3 1st centigrade degree: Srdly^ 
The greatest degree of cold which has ever been observe 
upon our globe, with the thermometer suspended in the air, 
is 50 centigrade degrees below zero : 4thly, The temperature 
of the water of the sea, in no latitude, and in no season, rises 
above -f SO centigrade degrees 

Geologists have discovered that the superficial temperature 
of the earth has not always remained the same, and that there 
is evidence of a very considerable decrease. This evidence 
will be found scatter^ over such parts of the following pages 
as treat of organic remains, and therefore need not be adduced 
here. It may, however, be right to remark, that it rests on 
the discovery of vegetable and animal remains entombed in 
situations, where, from the want of a congenial temperature, 
such animals or vegetables would now be unable to exist. 
Undoubtedly this inference rests on the supposed analogy be- 
tween animals and vegetables now existing, and those of a si- 
milar general structure found in various rocks, and at various 
depths beneath the earth’s surface : but as we now find every 
animal and vegetable suited to the situations proper for them, 
we have a right to infer design at all periods, and under every 
possible state of our earth’s surface; and therefore to consider, 
that similarly constituted animals and vegetables have, in ge- 
neral, had similar habitats. 

This decrease in surface-temperature may arise either from 
external, superficial, or internal causes. 

External InAuence. — Heat, derived from the sun, producing 
such great efliects at present, it has been supposed that a diN 
ference in the relative position of our planet and our great lu- 
minary would cause a corresponding change in the surface- 
temperature of the globe. Theories have been invented which 
suppose such a change in the earth's axis as would render the 
present poles parts of the equator, and thus capable of having 
once supported a tropi(!al vegetation, which has gradually 
disappeared, and been replaced by such plants as can exist 

* Ann. de Phys. et dc Chim. tom. xxvii. ; and £4in. Phil. Joum. 1825. 
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amid masses of ice and snow. Mr. Herscbel, viewing this 
subject with the eye of an astronomer, considers that a di- 
minution of the sur&oe-temperature might arise from a chanra 
in the ellipticity of the earth’s orbit, which, though slowly, 
gradually becomes more circular. No calcuIaUonsliaving yet 
been made as to the probable amount of decreased tempera- 
ture from this cause, it can at present be only considereo as a 
possible explanation of those geolofpcal phsenomena which 
point to considerable alterations in climates 

Superficial Influence . — A decrease of temperature may arise 
from such a vanation in the relative position of land and water, 
and in the elevation and form of land, as may cause the cli- 
mate, in any given position on the earth’s surface, so to change, 
that a greater heat may precede a less heat, and the land oe 
capable of supporting the vegetables and animals of hot cli- 
mates at one time, and be incapable of doing so at another. 
For this ingenious theory we are indebted to IVf r. Lyell f. It 
supposes a combination of external and internal causes; the 
latter raising or depressing the land in the proper situations, 
the former supplying the necessary heat. It also supposes 
the possible recurrence of a warm climate, so that the same 
situations might alternately be placed under the influence of a 
raised and a depressed temperature. We have so few data 
for estimating the value of this theory, that it can only be con- 
sidered as a possible explanation of a diminished temperature. 
It must, however, be admitted, that, in every state of the 
earth’s surface, the relative disposition of land and water, and 
the form or elevation of the land, would always have had, as 
they now have, very considerable influence on climate. 

Internal Ittfluence . — From the earliest times an opinion has 
existed among philosophers that a central heat exists; — an 
opinion naturdly arising from the phmnoraena of volcanos and 
hot springs. But, notwithstanding this opinion, it was not 
until a comparatively late period that direct experiments were 
instituted, for the purpose of determining whether the tem- 
perature does, or does not, increase with the depth, or from 
the surface downwards. 

Various observations have been made on the temperature of 
mines in Great Britain, France, Saxony, Switzerland, and 
even Mexico. All those mode previous to 1827 were collected, 
arranged, and commented on by M* Cordierf . Experiments 
on the temperature of mines have been made in various ways ; 

• Hersche], Geol. Trans., 2nd series, vol. iii. 

t Principles of Geology. 

X Essai sur la Temperature dc TlnUricur de la Terre : Mem. de I'Acad. 
tom. vii. 
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scMnetimes by ascertaming the beat of air in the galleries, some- 
times that of the stagnant water at various levels; at others, 
by observing the temperature of springs at different depths, 
or that of the waters pumped up from below ; and sometimes, 
though rarelyi by obtaining the temperature of the rock itself 
at various levels. 

It soon su^ested itself that, though these experiments 
pointed to an increase of temperature as we descended, the 
presence of the miners with their lamps or candles, and the 
explosions of gunpowder in some mines, would cause an in- 
croised heat of the air in mllerie^ sufficient to produce ex- 
ceedingly grave errors. M. Cordier endeavours to assign to 
these and other objections their full value. It is calcuuited 
that a miner disengages, in an hour, a quantity of heat suffi- 
cient to raise the temperature of 549 cubic metres of air, one 
degree above a previous beat of 12^ centigrade. It is also 
interred that four miners’ lamps will produce as much beat as 
three miners. It is further ciuculated that the presence of two 
hundred miners and two hundred lamps, properly separated 
from each other, would elevate the temperature of a gallery 
whose dimensions are one metre by two, and 93,000 metres 
long, about one degree (centigrade) in one hour. M. Cordier 
also mentions, that in the coal-mine of Carmeaux nineteen 
lamps and twenty-four miners, scattered through two levels, 
and continually employed during six days in the week, pro- 
duced, by tlie hour, a beat sufficient to raise the temperature 
of the air in the galleries by 1^-66 cent.” The air in these 
galleries was estimated at 12,560 cubic metres. 

Another source of error arises from the circulation of air in 
mines, and its introduction from the surface. This will vary 
according to the local distribution of the galleries in a mine ; 
but there will always be a tendency to replace expanded and 
heated air by that which is more dense and cold ; conseouendy, 
from whatever cause the heat of a mine may be derived, if the 
air in it be, as usually happens, warmer than that of the sur- 
face, the cold air will always strive to get into the mine, and 
the heated air to escape from it. It follows, that the entrance 
of air from the exterior surface tends to lower the tempera- 
ture of the mine, and in some measure to check the heat 
caused by the workings. M. Cordier * observes, on.tbis sub- 
ject, that the mean temperature of the mass of afr, introduced 
into a mine during a year, is lower than the mean temperature 
of the country for the same year, and estimates the difference 

• Estai sur la Temperature de ITnterieur de la Terre. 

It baa been supposed, the air in mines being under a greater pressure 
than that at thesunace, and undergoing this change in a short time, tuat heat 
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between them at between 2° and 3^ cent for the greater part 
of the mines in our climate. 

The waters in mines may either give too high or too low a 
temperature, as they may be either derived from beneath or 
above. If waters descend from the surface into a mine, they 
will carry with them their original temperature, modified by 
the heat of the substances through which they pass; so that 
their difference of temperature in the mine and on the surface 
will depend on their abundance or scarcity, and on their 
slowness or rapidity of motion. Moreover they will constantly 
tend to reduce the surfaces of rock through which they per- 
colate to their own temperature. The same remarks apply to 
water derived from a lower level. 

The temperature observed in the rock itself will be more or 
less affected, according to circumstances, by that of the water 
or air near it. So that the sides of a mine, to certain distances, 
might possess a heat not common to the mass of rock at the 
same level. 

From these various sources of error, to which others might 
be added, the observations made under circumstances that 
might be influenced by them, can only be considered as ap- 
proximations towards an estimate of the value of this mode of 
inquiry. To renden each set of observations available for what 
they may be worth, M. Cordier has classed those made under 
different circumstances under different heads. His tables, 
thus formed, have also the great advantage of being reduced 
to common measures of heat and depth. — From these the fol- 
lowing have been selected as, perhaps, least liable to error*. 



would be evolved sufficient to cause the appearance of an increase of tem- 
perature corresponding with an increased depth. But as the cold air will 
oecome expanded by the heated air of the workings, and as the change of 
pressure cannot be very sudden, this does not appear sufficient to account 
for the phsenomcna observed. According to Mr. Ivory (Phil. Mag. and 
Annals, of Phil. vol. i. p, 94), one degree of heat, of Fahrenheit’s scale, 
will be extricated from air when it imdergoes condensation = xftr i <uid if a 
mass of air were suddenly reduced to half its bulk, the heat evolved would 
be = 90®. 



* The temperature in these tables is marked in degrees of the centigrade 
thermometer. When we consider the simplicity of this scale, and the faci- 
lities with which calculations can be made with it, it seems strange that its 
use should not be generally adopted in this country, where we continue to 
employ, from habit, the least philosophical of the three scales. The centi- 
nade scale can easily be reduced to that of Fahrenheit, by considering that 
the latter is to the former, between the freezing and boiling points of water, 
as 180 to 100, or as 9 to 5. The degrees of Reaumur’s scale are to those 
of Fahrenheit’s as 4 to 9. As the zero of Fahrenheit’s scale is 32® of that 
scale below the zero in the othei-s, it is always necessary to make a proper 
allowance for it 
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Namct, Aotbon, 
and Dntet. 



Saxony. 

isson. 

winter, 



Daubu- 
£nd ofs 
1802. 



Brittany. Daubu- I 
isson. 5tbSept,< 
1805. I 



Cornwall. Fox. \ 
Publ. 1821. / 

Mexico. Humboldt. 



Lead and Silver of 
Junghohe>Birke. 

Beschert Gliick . . 
Himmelfahrt . . . 
PouUaouen .... 



Huelgoet . . . 








. . . 





Dolcoath — Copper . 
Guanaxuato— Silver! 



Depth. 


Tempc 

of 

the 

flprlngf. 


inture 

1 of the 
Coontiy. 


MeUei. 


Dca. 




78 


9*4 


8* 


217 


12*5 


8* 


256 


13*8 


8* 


224 


14*4 


8* 


39 


11*9 


11*5 


75 


11*9 


11*5 


140 


14*6 


11*5 


60 


12*2 


11* 


80 


15* 


11* 


120 


15* 


11* 


230 


19*7 


11* 


439 


27*8 


10* 


522 


1 35*8 


16* 



Tables of the Temperature of the Rock in Mines* 

I. Thennometer placed in a niche cut in the rock, distant from 
the principal working : — ^the bulb in the rock ; the rest in 
a glass tube;— the whole covered by a glass door, closing 
the niclie, and only opened for observation. 



Depth. 

Metree. 

Saxony. De Trdbra. 1 f Mine of Besohertl 180 
1805, 1806, 1807. . / \ Gliick ; lead & sil. / 260 



Temperature 
of Rock, oftoimtiy. 
11 25 8- 

15- 8* 



• 71*9 8*75 

Saxony. DeTr^bra. 1 f Mine of Alte Hoff- ^ 168*2 12*81 

1815 / \ nung Gotes . . . 1 268*2 15* 

1379*54 18*75 



8 * 

8 * 

8 * 

8 * 



II. Thermometer plunged in the earthy matters at the bottom 
of galleries, whicn had been inundated two days*. 

{m IS 



III. Thermometer fixed in the rock of a galleiyr, for eighteen 
months at a yard deep. 

‘SSd S. . . } 24-2 10- 



V M. Cordier remarks on the error that may, in this case, arise from the 
mixed temperature of the galleries, before inundation, produced W the usual 
causes in mines at work, and of Uie waters during inundation. On this sub- 
ject he cites some observations of bis own at Ravin, near Carmeaux, which 
show that the differences of temperature between the rubbish on the floor of 
the galleries, and that proper to the level, amounted to 2^*6, 2^*8, and even 
3**1 centigrade. 
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Table of the Temperaiurei of the Rock observed in the Coal 
mines at Carmeaux^ Littry^ and Decise. 



Canneaux. itopentur 

MrIM. Tjfn- 

Water of the well V4riac 6*2 12*9 

Water of the well Bigorre 11*5 13*15 

Rock at the bottom of Ravin Mine • . . 181*9 17*1 

Rock at the bottom of Castellan Mine . . 192* 19*5 

Littry. 

Surface 0* 11* 

Rock at the bottom of St. Charles Mine — 1 go. 16*135 

mean of 2 obs / 

Decise. 

Water of the well Pelisson 8*8 11*4 

Water of the Puits des Pavilions .... 16*9 11*67 

Rock in the Jacobi Mine 107* 17*78 

171 * 22*1 



These observations were made with great core ; the ther- 
mometer was loosely rolled in seven turns of silk paper, closed 
at bottom, and tied by a string a little beneath the other ex- 
tremity of the instrument, so Uiat so much of the tube might 
be withdrawn as might be necessary for an observation of the 
scale, without fearing the contact of the air : the whole con- 
tained in a tin case.” This was introduced into a hole from 
^ to 26 inches in depth and Ij- in diameter, inclined at 
an angle of 10^ or 15°; so that the air once entered into 
the holes could not be renewed, because it became cooler, 
and consequently heavier, than that of the galleries. The 
thermometer was kept as nearly as possible at the tempera- 
ture of the rock, by plunging it among pieces of rock or 
coal freshly broken off, and by holding it a few instants at 
the mouth of the hole, into which it was afterwards shut, a 
strong stopper of paper closing the aperture. The thermo- 
meter generally remained in this hole about an hour *. 

Teng}eraiure of Water in Artesian WcUsj and in neglected 
Mines. 

Artesian wells are well known as borings, by which water, 
at different distances from the surface, rises to, and even above, 
that surface, from its endeavour to escape. According to the 

• Where the investigatioii of the increase or decrease of temperature, bc- 
neatli such a depth as may be out of atmospheric influences, is so easy, with 
a few necessary precautions, it is surprising, that in the British eoIKeries, 
which arc so numerous, and many of which are very deep, so few direct ex- 
periments should have been made on the temperature of toe rock itatdfl 
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observations of M. Arago, the greater the depth of these wells, 
the higher is the temperature of the waters that flow from 
them. 

From experiments made by M. Fleuriau de Bellevue, in an 
Artesian well on the sea-side near Rochelle, the temperature 
increases with the depth. The well, at the time of the first 
experiment, was inches in diameter, and 316 feet deep, and 
in it a column of brackish and stagnant water rose to the 
height of 294 feet. On February 14th, 1830, he found the 
temperature at the bottom, after the thermometer had re- 
mained there 24 hours, to be = 16^*25 centigrade; the ex- 
ternal air beings 10^*6. At 11 feet beneath die surface of 
the water the temperature was founds 13^*12 cent, aiter the 
instrument had remained 17 hours. Common wells, varying 
in depth from 22 to 28 feet, afforded at the same time a mean 
temperature of 8^*75. On March 22nd, MM. Emy and Gon 
made further experiments on the same well, which was dien 
sunk to the depth of 125*16 metres, or S69i metrical feet. 
They found the temperature at the bottom, after the thermo- 
meter had remained there 25 hours,s 18^*12 cent Fearful of 
some inaccuracy in this experiment, they repeated it the next 
day, when, after the instrument had remained at the bottom 
for 15 hours, they obtained exactly the same result M. Fleu- 
riau de Bellevue estimates the mean temperature of the country 
at 11°*87 cent* 

These experiments were conducted with great care, and 
seem highly illustrative of an increase of heat from the surface 
to the interior; for the column of water being subject to the 
usual laws, it would equalize its temperature by the descent of 
the cooler, and the ascent of the warmer water, if a constant 
source of comparatively considerable heat did not exist at 
the bottom. 

In the waters of neglected mines also there are numerous 
observations tending to show that the waters do not follow the 
laws of their greatest specific gravity in such situations, but 
that the temperatures greatly increase with their depth. Cer- 
tainly, in many situations, such as in recently flooded mines, 
the water would be heated by the galleries in which work had 
been carried on ; but such influence could not continue for a 
lon^ period, and there are numerous observations which show 
an increase of temperature in neglected mines. On a subject 
of this kind, however, great caution is necessary in obtaining 
the true temperature, and it is very desirable that many of the 
experiments should be repeated f. 

^ Fleviwn de Bellevae^ Joumaf de G^ologie, tom. i. 

> t A cold spring percolating rapidly from the stirface to the deep waters of 
a neglected mine would tend to cool the waters at such depths. 
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Temperature of Springs. 

The temperature of surface-springs has been supposed to 
give nearly, if not altogether, tne mean temperature of the 
countries m which they appear. Their value in this respect 
would depend on whether the waters which supply them be 
derived from above or beneath, that is, whether they percolate 
from the surface through porous strata until thrown out by im- 
pervious beds, or are forced by some means from comparatively 
greater depths upwards. Many springs, we well know, come 
within the first class; but many, we are also certain, come 
within the second, for their temperatures are greatly above 
what they could have acquired by mere percolation down- 
wards. 

At Paris, the oscillations of the temperature of the earth 
do not quite cease at 28 metres. Professor Kupfier considers 
that 25 metres from the surface will afford a depth beneath 
which springs rise with a uniform temperature throughout the 
year, being sufficiently removed from atmospheric influences. 
Admitting this, it is clear that if surface-springs be small, and 
rise slowly, they may have their temperatures somewhat 
changed during their passage through the 25 metres ; while if 
they rise quicluy, and their waters be copious, they will suffer 
little change in their traverse through that thickness. The 
question, however, of whence tlie waters may have been de- 
rived, remains the same. 

Professor Kupffer has constructed the following Table, 
principally from Von Buch’s Treatise on the Temperature of 
Springs, and from Humboldt’s Treatise on Isothermal Lines, 
with the view of corroborating the observations of Wahlen- 
berg, that the temperature of springs in high latitudes is 
greater than that of the air, and of those of Von Hum- 
lK>ldt and Von Buch, who found that in low latitudes the tem- 
perature of springs was lower than that of the air ; — showing 

that the temperature of the earth is sometimes very different 
from the mean temperature of the air, and that its distribution 
follows different laws*.” 

* Kupffer on the Mean Temperature of the Atmosphere and of the Earth 
in some Parts of Russia: £din. New Phil. Joum. voL viii. : and Poggen- 
doiTs Annalen, 1829. 
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naoM. 


lAtU 

tude. 


Height 

above 

aea. 


Temp, of 
Earth. 
Fahr. 


Temp, 
of A&. 
Fahr. 


Obaenren. 




0 


Metrea. 


_o 


. o 




Congo 


9 S. 


45 


72-95 


78-12 


Smith. 


Cumana 


lOiN 


0 


78-12 


82*40 


Humboldt. 


St Jago (Cape Verde Isles) 


15 — 


0 


76-10 


77-00 


Hamilton. 


Rock Fort (Jamaica) . . . 


18 — 


0 


79-02 


80*60 


Hunter. 


Havannah 


23 — 


0 


74-30 


78*12 


Ferrier. 


Nepaul 


28 — 


0? 


73*85 


77-00 


Hamilton. 


TenerifTe 


28J— 


0 


64*40 


70*92 


Von Buch. 


Cairo 


30 — 


0 


72-5 


72-5 


Nouet 


Cincinnati 


39 — 


160 


54*27 


53*82 


Mansfield. 


Philadelphia 


40 — 


0 


54*95 


54*27 


Warden. 


Carmeaux 


43 — 


300? 


55*40 


57*87 


Cordier. 


Geneva 


46 — 


350 


52*02 


49*32 


Saussure. 


Paris 


49 — 


75 


57*70 


51*57 


Bouvard. 


Berlin 


52f- 


40 


50*22 


46*40 




Dublin 


53 — 


0 


49*32 


40*10 


Kirwan. 


Kendal 


54 — 


0 


47*75 


46*16 


Dalton. 


Keswick 


54j — 


0 


48*65 


47*97 




Konigsberg 


54i— 


0 


46*62 


43*25 


Erman. 


Edinburgh 


56 — 


0 


47*75 


47*75 


Playfair. 


Carlscrona 


56*— 


0 


47*30 


47*30 


Wahlenberg. 


Upaal 


60 — 


0 


43*70 


42*12 






64 


0 


37*17 


33*35 




iiiTTirtT-- 

OiwnrtAnficill - 


66 — 


500 


34*25 


25*25 









To this should be added Professor Kupffer’s own observa- 
tions in Russia. 



Ilacce. 


tude. 


Height. 


Temp, of 
Earth. 


Temp, of 
Air. 


Kinekcjewa 

Kasan 

Nishney-tagilsk 

Werchoturie 

Bogoslowsk 


o, 

54i 

56 

58 

59 

60 


Metrei. 

300 

30 

200 

200 

200 


39*87 

43*25 

37*17 

36*27 

35*37 


o 

34-7 

37*4 

31*55 

30*42 

29*30 



The above tables, if correct, are sufficient to show that, 
though the terrestrial temperature, as deduced from springs, 
decreases from the equator to the poles, it does not decrease 
according to the mean temperature of the air above it. This 
seems to point out that there is some modifying cause in 
action independent of solar influence. Wahlenberg has no- 
ticed that many deep-rooted plants and trees only flourish 
because the temperature of the earth exceeds the mean tem- 

C rature of the air ; and Professor Kupfier remarks that he 
s often had occasion to confirm this observation in the 
northern Urals. 
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Temperature of Springs. 

At the contact of the atmosphere and earth, we should ex- 
pect, if they possessed different sources of temperature, that 
they would mutually act on each other, and that therefore the 
equal mean temperature of different parts of the earth’s sur- 
fii^ would, to a certain extent, correspond with equal terres- 
trial temperatures, as deduced from moderate depths. This 
may perhaps account for Professor KupffePs conclusion, that 

if we draw lines through all the points which have the same 
terrestrial temperature, these isogeothermcd lines resemble the 
isothermal, as they are parallel to the equator, but diverge 
from it in several points*.” 

The temperature of the surface, as deduced from springs, 
is undoubtraly liable to many errors, as it rests on the assump- 
tion that they take the temperature of the earth at moderate 
depths. Those springs which percolate through porous strata, 
until thrown out, may take this temperature ; but those which 
seem to come from breath cannot be supposed, though cooled 
in their passage upwards, to do so. 

The evidence that many springs rise from considerable 
depths, and possess a temperature independent of solar influ- 
ence, rests on their great heat, which varies from the boiling 
point of water downwards to ordinary temperatures. It is 
impossible to account for this, otherwise than by* supposing 
such heat communicated to the water in parts of the earth far 
beneath the surface, and removed from atmospheric influence. 

The source of the heat in thermal waters has occupied the at- 
tention of Berzelius, Von Hoff, Keferstein, Bischoff, Daubeny, 
andothers. Theformer remarks on those thermal springs which 
are charged with various salts of soda and carbonic acid, and 
attributes their origin to the percolation of atmospheric waters 
to volcanic regions, after which they are forced up to the sur- 
fiice, charged with the substances with which they nave become 
combined in those situations. Von Hoff opposes the theory 
of a mere volcanic point supplying the necessary heat, and 
considers it much more probable that this is due to those pro- 
cesses in the inte!*ior of our globe which produce volcanos and 
earthquakes. Keferstein considers that hot vapours and 
springs are due to volcanic agency, which may be very deeply 
seated, even below the oldest formations. Bischoff, who de- 
tails these various opinionsf, does not appear to have adopted 
any decided one of nis own on the subject, but directs atten- 
tion to the possible increase of temperature in the waters by 
the internal heat of the earth at great depths, independent of 

^ Kupffer (memoir cited above). 

t Ubcrdie Vulchaniacbun Mincralqiu llcn Deutschland iiud Frankreichs; 
and £din. New Phil. Journal, 1830. 
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yalcaaic fires» and observes that if the channels through which 
the waters flow upwards become once heated, their walls 
would conduct little heat outwards, for rocks are bad conduc- 
tors of heat, as is well shown in the case of lava streams, on 
the outside of which the hand may sometimes be placed, while 
the melted rock is still flowing inside*. 

In support of the opinion that thermal waters may have 
their hi^ temperature caused by a general internal heat, and 
not by mere volcanic points on the earth’s surface, it may be 
remarked that thermal springs occur in almost all situations, 
some of which are far removed from any volcanic points on 
the surface. 

The immediate connexion of the Geysers and the volcanos 
of Iceland is so obvious that few will be found to doubt it ; yet 
when hot springs have been found traversing cracks in strata 
not volcanic, theories have been invented to explain their ori- 

E ‘n by chemical combinations at small depths. The salts, 
)wever, usually held in solution in these waters do not afibrd 
support to this view, and Berzelius has shown it to be unte- 
nable with respect to the Carlsbad waters. 

To show the various rocks among which thermal springs 
occur, we will select a few examples. In ranges of mountains 
the^ would appear to be far from uncommon, a circumstance 
which, supposing the ranges to have been elevated by a force 
acting from beneath, lends additional probability to a general 
heat beneath the surface. They have l^n observed in various 
places in the range of the Himalaya. Captain Hodgson no- 
tices them in the course of the Jumna river, so hot chat tbs 
hand could not be kept in them many moments, and the lem- 
penunre was too great to be measured by the short scaled 
thermometer usually employed to ascertain atmospheric heati 
Again, at Jnmnotri, very copious thermal springs rise throat 
crevices in the granite. The heat was estimate at nearly the 
boilti^ point; the finger could not be kept in it two seconds. 
As the height of Juumotri is estimated at 10,483 feet rfxnre 
the sea, the water would have the appearance of boiling at a 
lower temperature than in the plains below : moreover, the 
spring seem to evolve gas, for they rise with great ebullition; 
still, however, the temperature of the waters would appear to 
be very considerablef. 

In the range of die Alps, there are also many thermal 
nrings, as has been alreimy remarked by Bakewell. The 
mmaal waters of Bad-Gastein in the Salzburg country are 
well known. 

* Monticelli and Corelli. 

t Hodgson, Asiatic Researches, vol. xiv. : and EdiQ.Phil. Joiun voLvIii. 

c 
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The following are Alpine warm springs noticed by Bake- 
well* : Naters, Haul Valais; — temperature = 86^ Fahr. Leuk, 
Haut Valais, — twelve springs; — ^temperature varying from 
117^ to 126*. Bagnes, in the valley of the same name ; — the 
ba^s, village, and one hundred and twenty inhabitants de- 
stroyed by me fall of part of a mountain in the year 1545 ; — 
temperature unknown. Thermal springs in the valley of 
Chamonix.; — ^temperature unknown. St. Gervais, near the 
Mont Blanc ; — temperature from 94" to 98". Aix les Baines, 
Savoy; — two springs; — temperature from 112® to 117*. 
Montiers, Savoy temperature not noticed. Brida, Savoy ; — 
temperature 93® to 97*. Saute de Pucelle, Savoy; — tempe- 
rature not noticed. Thermal springs at Gormayeur and St. 
Didier, on the Italian side of the Pennine Alps ; — temperature 
94®. Warm springs in the Alps near Grenoble. 

Many of these thermal waters are of recent discovery, al- 
though those of Aix were known to the Romans; therefore 
there may be many in other parts of the Alps which remain 
unnoticea. 

There are also warm springs in the Caucasus, to the N. W. 
of the fortress of Constantinohor, with a temperature of from 
110® to 114® F. ; and there are, no doubt, numerous other 
thermal waters in great mountain ranges, with which we are 
as yet unacquainted. 

In the Pyrenees, we have the two celebrated thermal waters 
of Barege and Bagneres ; the former having a temperature of 
120®, ac the hottest spring, and the latter of 138®, also at the 
hottest spring. 

The thermal springs at both these places are numerous. 
At the latter place there are no less than thirty of them, the 
temperature of the least hot of which is = 83}® F. 

There are also thermal waters in the valley of Bar^ge^ at 
St. Sauveur, == 98}® ; as also several springs at Cautieres not 
far from the latter place, of which the temperatures vary from 
98® to 131 ®. At Caberu, three leagues from Bagneres, there 
is a spring s= 80®. 

It would be tedious to give a long list of thermal springs; 
they occur in all parts of the world, as well remote from, u ia 
the vicmity of, active volcanos. A great burst of hot springs 
takes place near the base of the south-eastern slope of the 
Ozark mountains. North America, and about six miles north 
from the Washita, from which they take their name. They 
are about seventy in number, and occur in a ravine between 
two slate hills. James states the temperature of these waters 
at 160® Fahr. Major Long gives that of several of them, as 
respectively, 122*, 104®, 106®, 126®, 94®, 92®, 128®, 132®, 

* On the Tliennal Waters of the Alps, Phil. Mag. and Annals, 1828. 
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